ABSTRACT
INTRODUCTION
Eutrophic and hypertrophic lakes and ponds require specific management to conserve their main functions, usually involving biomanipulation, drainage or sediment removal. Sediment removal is a common technique in restoration management of standing water bodies around the world. It is used particularly in lakes and ponds with considerable sediment accumulation (especially in areas of soil and nutrient runoff due to inappropriate agricultural land use) in order to reduce internal nutrient loading and for general restoration of the aquatic ecosystem (Moss et al. 1986 (Moss et al. , 1996 Boyd 1995; Pokorný & Hauser 2002; Clemente et al. 2005; Ayala et al. 2007) .
Sediment removal influences both the water body environment and its communities of aquatic organisms. This technique has a proven positive impact on water quality (Pokorný & Hauser 2002 ) and on reduction of phosphorus released from sediment (Moss et al. 1986; Phillips et al. 1999; Søndergaard et al. 2000) , chlorophyll-a and blooms of cyanobacteria (Moss et al. 1996; Pokorný & Hauser 2002) . It also results in increases in phytoplankton diversity (Poulíčková et al. 1998; Pokorný & Hauser 2002) , increases in the Daphnia population (Moss et al. 1996) and the re-establishment of aquatic macrophytes generally (Brouwer et al. 2002; Van Wichelen et al. 2007 ). In the majority of cases, however, these effects have been only short-term.
On the other hand, negative impacts of sediment removal have also been documented. The displacement of large amounts of sediment has a strong negative influence on populations of animals that are associated with sediments during their life cycle, such as the medicinal leech Hirudo medicinalis (Schenková et al. 2009) or aquatic turtles and salamanders (Aresco & Gunzburger 2004) . These are often removed at the same time as the sediment by heavy machinery. Oberholster et al. (2007) described unfavourable succession following restoration through sediment removal and artificial mixing of an urban lake in North America. Post restoration, the lake suffered from cyanobacterial blooms and there was a decrease in the Daphnia population.
In general, very little is known about the impact of sediment removal on littoral aquatic invertebrate assemblages. A decrease in both the diversity and density of littoral invertebrates in the season following such inter-vention, however, has been documented in central Florida by Butler et al. (1992) and in Colorado by Oberholster et al. (2007) .
Most information available on the impact of sediment removal on aquatic ecosystems relates to studies on lakes. In fishponds that are constructed primarily for aquacultural purposes, sediment removal is the most logical solution for reduction of internal loading (Hejný & Husák 1978; Björk 1988; Brönmark & Hansson 2005) , and is commonly associated with increasing the pond fish farming capacity for subsequent years (Boyd 1995) . Research on the impact of such intervention on the fishpond aquatic biota is still scanty. The aim of this study, therefore, is to describe aquatic macroinvertebrate succession in the littoral zone of a small fishpond following restoration through sediment removal.
MATERIAL AND METHODS
The Štěpánek fishpond is situated in the eastern part of the Bohemian-Moravian highlands ( Fig. 1 ; GPS 49°13'24"N, 16°02'24"E) at an altitude of 450 m a.s.l. This small fishpond (2.2 ha) has one small inflow, though it is almost exclusively supplied with water through precipitation. The pond, which is surrounded by woodland and meadow, has been exploited for fish farming for decades and is usually emptied for a short period only during the yearly autumn pond harvest. Vegetation over most of the pond littoral zone was well developed and dominated by narrow-leaf cattail (Typha angustifolia) and reed sweetgrass (Glyceria maxima). In At each sampling, the rate of aquatic vegetation succession (dominant macrophyte taxa, proportion of macrophyte beds on the pond perimeter) and water level were also monitored. Data on fish stock (see Tab. 2) were provided by the local fish farming association (MO MRS Náměšť nad Oslavou).
Principal Component Analysis (PCA) was employed to identify the most important gradients in the species data. Environmental data were fitted ex-post to the PCA ordination axes as passive variables. Both analyses and graphs were produced using Canoco for Windows (Version 4.5; ter Braak & Šmilauer 2002) and Microsoft Excel. All taxa were assigned to feeding and microhabitat preference groups using Asterics software (version 3.1.1; AQEM consortium 2008; Tab. 1).
RESULTS
The littoral habitats of the Štěpánek fishpond were markedly disturbed by the sediment removal in the Fig. 2) .
A shift in the invertebrate assemblage was also evident as regards functional grouping. Phytophilous taxa, grazers and scrapers, and swimming or diving invertebrates were common in 2003. The abundances of these groups decreased strongly in the years following sediment removal, with taxa preferring mud (pelal) and other mostly inorganic microhabitats (argyllal, psammal, akal, and lithal), gatherers/collectors, and burrowing/boring invertebrates being relatively more common following sediment removal (Fig. 3) . In 2008, a decline in the abundance of these taxa and a new increase in the relative number of grazers and scrapers was recorded. The ratio between abundances of permanent and temporal taxa remained unchanged after pond restoration. In most years, aquatic insects (temporal fauna) were more abundant; aquatic snails, oligochaetes and leeches (permanent fauna) only being more abundant in the years 2006 3).
Species-data based PCA confirmed differences in the taxonomic structure of the invertebrate assemblage between the sampling years described. The first PCA Tab. 3. Total abundance of higher taxa, number of lower taxa and relative abundance of temporal (aquatic insects) and permanent (gastropods, oligochaetes, leeches, crustaceans and water mites) fauna. (Fig. 4) . The sample scores on the first PCA axis were strongly positively correlated with the occurrence of phytal preferring taxa, grazers and scrapers, and sprawling/walking invertebrates; while the occurrence of burrowing/boring invertebrates and gatherers/collectors was positively correlated with the second axis (Fig. 5 ).
DISCUSSION
Aquatic macroinvertebrates living in fishpond littoral zones are a very important link in the pond food chains. Such invertebrates display life strategies that enhance long-term survival in rapidly changeable pond littoral conditions (Ward 1992; Dvořák & Imhof 1998) . During sediment removal operations, littoral macrophyte beds and the upper layer of organic sediment, which represent important habitats for phytophilous and bottom-dwelling macroinvertebrates, are completely destroyed and/or removed. Moreover, the upper sediment layer contains the greater part of the plant and invertebrate egg bank, from which the restored sites would normally be recolonised (Combroux et al. 2002; Gleason et al. 2004) . Invertebrate recolonisation following sediment removal, therefore, would be comparable with the relatively rapid colonisation of a newly created water body, where most taxa appear during the first season, followed by a decrease in diversity and the dominance of a few taxa only in subsequent seasons (Solimini et al. 2003; Ruhí et al. 2009 ). Indeed, Butler et al. (1992) observed high invertebrate diversity in the second year after sediment removal from a lake in Florida, USA, and a rapid decrease the following season. The results of such studies, however, are in opposition with the results of our research.
Our results indicate that both the diversity and abundance of littoral invertebrates in the Štěpánek fishpond decreased strongly after sediment removal (by about 90% of individuals and 30% of taxa) and gradually increased again over subsequent years. The differences in the response of invertebrate assemblages observed is probably due to differences between the conditions found in natural lakes and the semi-natural conditions prevalent in fishponds, where fish farming management practices have a considerable influence on the continuity of natural succession. According to previous studies, early colonisers, such as chironomid larvae (Danell & Sjöberg 1982; Layton & Voshell 1991; Butler et al. 1992; Brown et al. 1997; Solimini et al. 2003) are the most abundant group in the two years following sediment removal; the rapid colonisation of aquatic bugs and beetles, which are usually among the first colonisers (Popham 1964; Danell & Sjöberg 1982; Layton & Voshell 1991; Jeffries 1994) , being inhibited by high fish stock and the absence of macrophytes.
The relatively balanced ratio between temporal and permanent fauna before and after sediment removal, as well as the presence of approximately half the previous permanent taxa (gastropods, oligochaetes) suggests that their eggs or cocoons were not completely removed with the sediments as such taxa are usually slow to colonise new sites (Danell & Sjöberg 1982; Brown et al. 1997) . The presence of other water bodies in the surrounding area plays an important role for recolonisation of such taxa (Barnes 1983; Brady et al. 2002) and such could well be the case for the Štěpánek pond, which is located within a system of nearby fishponds.
The absence of littoral macrophytes, and their subsequent gradual development, appeared to be the most important factor influencing invertebrate assemblage succession following sediment removal at the study site. Due to their structural complexity and importance as a substrate for periphyton, macrophyte beds serve both as living space and as a refuge against fish predation for many aquatic invertebrates. Their presence in the littoral zone, therefore, greatly increases invertebrate diversity (Dvořák & Imhof 1998; Petr 2000; Solimini et al. 2003) . Sediment removal at the Štěpánek pond resulted in a decrease in both abundance and diversity of a number of groups usually associated with macrophyte beds, with the greatest negative impact being recorded in grazers and scrapers (e.g., some snails), phytal preferring taxa (e.g., snails, some leeches, mayfly nymphs, aquatic bugs and beetles, some dipterans) and actively swimming/diving invertebrates (e.g., aquatic bugs and beetles). Oberholster et al. (2007) similarly recorded a decline in scrapers and shredders (especially isopods and caddis fly larvae) after removal of lake bottom sediment in Colorado. In the years following restoration, constantly high water level and high stock with grass carp were probably important factors negatively influencing aquatic macrophyte bed regeneration in the Štěpánek pond, a process described in detail by Hroudová & Zákravský (1999) and Zákravský & Hroudová (2007) .
In general, functional and taxonomic shifts in the macroinvertebrate assemblage were connected with changes in the littoral habitat of the pond. Sediment removal changes both the physical and chemical characteristics of the bottom soil (Yuvanatemiya & Boyd 2006) ; restored sites tending to have more inorganic substrates and/or bottom lacking in macrophytes as compared with undisturbed sites with more vegetation and organic matter (Hejný & Husák 1978; Butler et al. 1992) . At the Štěpánek pond, the relative abundance of invertebrates preferring pelal and some inorganic substrates and burrowing/boring taxa (especially some oligochaetes and chironomid larvae) gradually increased in the years after sediment removal. A similar shift from phytophilous to more open-water taxa was also documented under natural conditions by Oberholster et al. (2007) for invertebrates and Tugend & Allen (2004) for fish assemblages, following restoration of a lake littoral zone.
Invertebrate assemblage succession in the five years following sediment removal was also influenced by variations in local conditions. For example, the development of littoral vegetation was accelerated by lower water level in 2007. Subsequently, by 2008, the macrophyte beds had re-established to level existing before pond restoration (as found by Hroudová & Zákravský 1999) . Similarly, the relative abundances of phytophilous invertebrates and grazers and scrapers had also increased and the relative abundances of pelal preferring invertebrates and burrowing/boring taxa decreased. Such relatively rapid changes in the pond ecosystem indicate an unsteady state for aquatic plant and invertebrate assemblages in pond littoral zones. In general, we can conclude that macroinvertebrate abundances in fishpond littorals can change year-by-year due to both specific management intervention and local environmental conditions. On the other hand, assemblage diversity is also significantly related to taxa composition in the previous year (see Brady et al. 2002) .
This pilot study demonstrated several shortcomings. Future research on the impact of sediment removal on fishpond littoral macroinvertebrate assemblages must be supported by more detailed sampling during the growing season and by monitoring of changes in physical and chemical conditions at the micro-and mesohabitat levels. Further detailed research is also recommended on the complex impact of sediment removal on aquatic macrophytes, macrozoobenthos and zooplankton in fishponds. Results of this and similar studies are important, especially in connection with management measures on carp fishponds, as they bring fish farming issues into closer harmony with the conservation of threatened wetland ecosystems, and vice versa.
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